Abstract
INTRODUCTION
The input quantity controls frequently used to regulate overexploited resources in fisheries management programs limit the availability inputs. Firms might then face the shortages of inputs with the reallocation of non-limited inputs, and even might subvert any imposed restrictions. Consequently, one of the crucial problems in the design of rationing programs is anticipating the firm's behaviour in response to changes in rations and market conditions under rationing (Squires, 1994) .
Fishing effort is an aggregate input of different production factors. Traditional regulation programs based on directly limiting effort have been shown to require the restriction of one or more of its components in order to avoid inefficient expansions of unregulated inputs (Wilen, 1979; Campbell, 1991; Dupont, 1991; . Consequently, the empirical knowledge of its components and the evaluation of the substitution possibilities among them is fundamental when trying to guarantee the contention of fishing effort in a specific fishery.
The VIII Division anchovy fishery shows evidence of failure of the TAC (Total Allowable Catches)/licensing regulation system (del Valle et al., 2001) . Although recently the European Commission has approved restrictions on the TAC, fishing calendar and fishing zones, the empirical evidence derived from such restrictions suggests that we should not be very optimistic. Even in the case that the reduction of the TAC does not increase the race to fish, input limitation may induce inefficient input expansions. In this framework, the estimation of the elasticity of substitution among inputs could be valuable to determine whether input restriction is an efficient form of regulation for the fishery.
The purpose of this paper is to undertake an empirical analysis of the production technology for the VIII Division European anchovy fishery. In particular, the potential for effort to be a composite input, as well as the relationship between inputs making it up will be investigated. We initially specify a flexible functional form (i.e., the translog) to estimate the underlying primal technology at the vessel level including the fishing effort and a proxy for the fishermen's skill. Next the conditions consistent with strong, linear, and non-linear separability are imposed in order to test for the existence of a consistent composite input defined as fishing effort.
Although rejection of separability does not rule out the possibility that effort is an intermediate input produced by a non-separable two stage technology Wales, 1987(a), 1992(b) ), the acceptation of weak separability guarantees the existence of a consistent aggregator function for the components of effort (Berndt and Chirstensen (B&C) 1973(a); (B&C), 1973(b); Solow, 1955; , Squires 1987(b) ; Squires, 1992) .
Once accepted, weak separability restrictions will be introduced in the translog model. The robustness of the restricted least square estimators will then be confirmed by demonstrating that the elimination of all the highly leveraged observations and outliers that contributes significantly to the values of the coefficient estimates and/or the model predictions do not substantially change the estimated coefficients and the partial elasticity of production.
Finally the Allen and Morishima elasticities of substitution will be evaluated and compared.
The paper ends with the main conclusions and policy implications derived from the production analysis.
THE FISHERY BACKGROUND
Anchovy is a short life span and small in size schooling species. The findings of biological research into the anchovy stock suggest that the population fluctuates according to variations in recruitment, which in turn seems to be closely related to environmental conditions like the phenomenon of upwelling in the Gulf of Biscay. Management experiences of pelagic species in Northern Europe, however, seems to indicate that pelagic stocks may require a critical breeding biomass, below which the likelihood of strong recruitment would be seriously jeopardised. It is in the light of this information that experts argue that the stock stands at appreciably lower levels than in previous decades. In addition to this, a decrease has been observed in the average age of the anchovy caught, which would seem to confirm the increase in fishing mortality rate.
Two different fleets, the Spanish purse seine and the French pelagic trawling fleet, exploit the stock. The purse seine fleet has been undergoing a continual reduction in size to the point that the number of vessels has dropped from 600 in 1966 to a current 250. The French pelagic fleet, on the other hand, has enjoyed spectacular growth, bringing about, with its approximately 100 vessels, and in spite of the decline of the purse seine fleet, a considerable increase in the fishing pressure on the anchovy stock (Graph 1).
Until the mid eighties about 90% of anchovy catches were taken by the Spanish purse seine fleet, 70% of this amount was caught by the Basque fleet. Nevertheless, with Spain's entry into the European Union, France's share in the catch increased considerably, to the point that now a days the volume of catches of the two states are similar (Graph 2).
The total anchovy catches in the Bay of Biscay vary considerably from one year to another. After reaching a historic high of over 80,000 tons in the mid-sixties, anchovy catches began a drastic decline lasting until the mid-seventies. 1975 heralded a period of relative growth probably due to technological advances such as radar and sonar. From 1978 onwards, however, there was another steep drop in catches, culminating in the historic lows of 1982 and 1986 when they dropped to 5,000 and 8,000 tonnes respectively. The early nineties saw noticeable recuperation, with catches of over 30,000 tons. The last fishing seasons, nevertheless, have been poor, especially for the purse seine fleet.
Since the mid-eighties, the European Union has placed a TAC of 33,000 tons and a licensing system. 90% of the 33,000 TAC goes to Spain by virtue of the principle of relative stability endorsed in the European Fisheries Policy. Since 1992, 9,000 tons of the unfished Spanish quota has been transferred to France following bilateral agreements signed by the two countries 2 . Furthermore, France has received a transfer of 6,000 tons of anchovy from Portugal's IX Division anchovy-quota, which is being fished from the VIII division stock.
Despite the restrictions, there are important shortcomings in anchovy fishery regulation (del Valle et al., 2001) . The licensing system has in practice placed no barrier at all to the entry of new vessels; the TAC, which shows clear signs of being too high for the anchovy population, is established with scant scientific back-up and there are also apparent problems in monitoring. Added to this, the adverse environmental conditions during 1999 and the foreseen reduction in the spawning biomass expected to bring it below secure levels (ICES, 1999) has induced the European Commission to approve restrictions in the TAC and fishing calendar.
3.MODEL ESTIMATION AND HYPOTHESIS TESTING

1. Inputs [i.e. fishing effort, skipper skill] and data
The volume of a vessel's catch depends on the quantity of fishing effort. Our testable hypothesis is that fishing effort is a multidimensional and flexible production factor, or in other words, an aggregator micro-production of different fixed and variable inputs. It is the combination of a certain intensity or magnitude respecting the activity of the fishermen (number of boat days, number of trips, etc), the physical attributes of fishing vessels (tonnage, horsepower, length, etc), the gear or equipment that the fishermen uses to extract the catch (number of hooks set, number of shots made, etc), etc.
Nevertheless, the factors making up effort can be sometimes even less significant than those related to the skill in making managerial decisions such as how, where, or when to stop fishing. The notion that some fishing captains are better managers than other captains, and in turn, consistently have higher production and earnings has long been recognised by fishery researchers (Cominiti and Huang,1967; Rothschild, 1972; Acheson, 1975; Bjørndal, 1989; Thorlindsson; del Valle et al., 1997 Kirkley et al., 1998 Squires and Kirkley, 1999) and by the own sector.
Skipper skill is related to information gathering and utilisation, including finding and catching fish, managing and supervising crew, responding to changing tides and weather, seasonal variations in resource abundance, and numerous other factors 3 . The question arises when analysing the fishery production process of how to specify the abovementioned characteristics consistently in order to incorporate them into a production function suitable for econometric estimation. Different approaches have been used in empirical studies to capture the influence of the skill in the production function. A recent summary is provided in Balestra (1996) and in Squires and Kirkley (1999) .
Some authors (Cominiti and Huang, 1967; Campbell, 1991) used a subjective evaluation of the managerial skills of the boat captains supplied by a person who was thoroughly familiar with the boats and captains implied in the fishery they were analysing.
Another approach has followed a direct measurement of fishing skill. Holt (1962) Several limitations can arise when using any of the above-mentioned methods to introduce the management into the production function. While using indexes of management derived from performance rankings can be regarded as an ad hoc procedure as long as no criterion for evaluating its performance is available, identifying TE with skill there is a danger that in what we refer to as management, we also include the effects of factors that do not depend on it. Besides, when trying to link skill with different characteristics of the skippers (experience, age, education level) sometimes no significant statistical relationship has been found among them and catch rates (Acheson, 1975; Palsson and Durremberger, 1982; Squires et al.,1998) . In the case of the direct approach, as with all proxy variables used to capture something with no observable counterpart, measurement error and bias can follow.
The concepts of skipper skill and fishing effort above mentioned will be applied to the Spanish purse seine fleet operating in the VIII Division European anchovy. For the purposes of the study, annual cross sectional data is available for 183 out of the 250 The lack of the data necessary to evaluating any of the characteristics of skill, and the impossibility to construct a subjective ranking of the captains 5 , obliged us to adopt the direct measurement approach (Holt, 1962; Mefford, 1986) . The fishermen operating in the anchovy fishery return every day from the fishing grounds, even if they do not get catches.
Consequently, the ratio number of significant unloadings 6 to number of total unloadings could be a good representation of the variable skill (SK). Proof of this is that the resulting ranking of the vessels coincides in most cases with the reputation of the vessels among the different fishermen asked in the main harbors of the east Cantabrian Sea. As with all proxy variables used to capture something with no observable counterpart, measurement error and bias can follow, although the asymptotic bias expected from inclusion is generally smaller than for exclusion.
As well as the mentioned proxy for the fisherman skill, the empirical analysis considers tonnage 7 , horsepower, boat days, the year built and the material type 8 . The GRT represents a measure of the potential cargo capacity, which sets an upper limit on catch per trip. Furthermore, HP influences the speed of boats, while BD is a widely accepted variable production input in fisheries economics. Two variables that may influence production per boat have been excluded from the analysis: stock size 9 and aggregate number of boats in the fishery. The reason for this omission is due to the cross sectional nature of the data, which implies that stock size and fleet participation are assumed to be constant and equal for all boats. Although technical fish finding equipment also affects production, all purse seines were equipped with sonar and echo-sounder.
The hypothesis that effort is an aggregate index of boat days and vessel characteristics (GRT, HP) will be tested. If this can be proved, it will show that effort is a micro production function within a macro function, which as well as effort also includes skill. As the effort's theoretical consistency requires technology to be weakly separable 10 , different separability tests will be carried out once the parameters of the translog production function have been estimated. The acceptation that factors made up of effort are separable from skill implies the empirical validation of fishing effort as a consistent aggregate input.
2. The translog model
The translog production function (1) (B&C, 1973a) does not impose prior constraints on the sign and magnitude of the elasticities of substitution between production inputs and permits testing for structural hypotheses like separability
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. Since it does not satisfy monotonicity and quasi-concavity globally, those regularity conditions will need checking in the estimated function prior to accepting it as a regular production function.
Where Y is the output, α 0 the efficiency parameter, x j is input j and α i and β ij are unknown parameters. β ij =β ji i≠j is assumed throughout to maintain consistency with Young's theorem of integrable functions.
The separability conditions in the translog
The factors (ij) are separable from k if and only if f i β jk -f j β ik = 0 12 ((B&C) (1973(a), 1973(b) ). Hence, if separability holds and if β jk = 0, then β ik = 0. These B&C linear separability conditions require certain equality restrictions on the Allen-Uzawa elasticity of substitution (AES) 13 concretely AES ik = AES jk = 1, and a particular functional structure of a Cobb Douglas macrofunction with translog sub-aggregates (Blackorby et al., 1977; Denny and Fuss, 1977) . If however β jk ≠ 0 and β ik ≠0, then by substituting f i in the previous formula a set of non-linear separability conditions are obtained (α i /α j =β ik /β kj =β im /β jm , (m=1,2,3)). These B&C non-linear separability restrictions imply AES ij = 1 and AES ik = AES jk ≠ 1, as well as a particular functional structure of translog macrofunctions with Cobb Douglas sub-aggregates (Blackorby et al., 1977; Denny and Fuss, 1977) .
The translog is separable-inflexible. That is to say, it cannot provide a secondorder approximation to an arbitrary weakly separable function in any neighbourhood of a given point. For example, a three-input translog is left with seven parameters after imposing separability, two fewer than needed to maintain it (Driscoll et al., 1992) 14 .
However, the most likely contribution of flexible forms lies not in their approximation
properties but in the fact that they place fewer restrictions prior to estimation than the more traditional forms.
The regularity conditions in the translog
Monotonicity of the translog requires the logarithmic marginal products (f i ) to be positive for all inputs. As f i = ε i (Y/x i ) and since Y and x i must always be positive, f i >0 requires the logarithmic production elasticity for each input (ε i )>0 to be necessarily positive. The isoquants of the translog function are strictly convex if the corresponding bordered hessian matrix (F) of first (f i ), second direct partial derivatives (f ii ) 15 and second cross partial derivatives (f ij ) 16 is negative definite.
The above mentioned conditions of positive monotonicity and quasi-concavity depend on the values of the inputs, the output and the individual coefficients of the estimated translog function. Thus, these conditions should be verified for each data point as originally proposed by (B&C). Nevertheless, experience shows that the available flexible functional forms such as the translog tend to violate the regularity conditions at many points in most data sets. In practice there is no unanimity of the minimum percentage of observations that should verify quasiconcavity and monotonicity so as to call a production function regular. Some authors (Corbo and Meller, 1979 ) mention wide enough regions satisfying the previously alluded properties while others tend to verify the regularity conditions in the geometric mean of the data. Nevertheless, a test of convexity cannot be interpreted as a strict test of the assumption of profit maximisation implied by quasiconcavity, because the flexible functional form may violate quasi-concavity even if the data comes from well-behaved technologies Wales, 1977) .
The measure of the substitution possibilities among inputs
Although substitution in a central issue in production theory, even today, there appears to be a little agreement about the way this concept is to be defined. Since in a classic work, Hicks (1932) offered the definition of the elasticity of substitution for the uncontroversial case of two-factor technologies (σ)
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, many different generalisations of σ have been developed in the literature in order to measure the substitution possibilities in the case of technologies with more than two inputs. The most standard one is the Allen-Uzawa Elasticity of Substitution (AES). The AES is a symmetric measure for the elasticity (AES ij = AES ji ∀ ij). Qualitatively, AES classifies the pairs of inputs as complements or substitutes on the basis of its sign. So if AES ij > 0, inputs i and j are Allen-Uzawa (net) substitutes; if AES ij < 0 they are Allen-Uzawa (net) complements.
Despite the AES has dominated the analysis of substitution possibilities among production factors in a multifactor setting, being until recently the most estimated in empirical research, it has a number of deficiencies (Blackorby and Russell, 1989; de la Grandville, 1997); Among which are its inability to provide any information about relative factor shares and the fact that AES it is not a measure of the easy of substitution, or curvature of the isoquant There is a necessary theoretical relationship between AES and MES
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. If two inputs are net substitutes according to the Allen-Uzawa criterion, they must be net substitutes according to the Morishima criterion, but if two inputs are net complements according to the Allen-Uzawa criterion, they can be either net complements or net substitutes according to the Morishima criterion. Furthermore, the non-symmetry of the Morishima elasticity raises the possibility of ambiguities in the Morishima taxonomy (MES ij >0 and MES ji <0).
THE EMPIRICAL RESULTS
Initially a 4 input non-restricted translog production function was estimated (i.e.
Y[GRT, HP, BD, SK])
. However, the regression results simultaneously including both attributes (i.e. GRT, HP) were poor, probably due to the high collinearity between them.
Although overall statistics such as R 2 and F-statistic were satisfactory, many point estimates and what is more important; the derived elasticities of production were not significant or only significant at a low confidence level. On the basis of these preliminary results, we decided to go on the production analysis with the results derived from the OLS (Table II) .
Although not all the estimated parameters are individually significant neither in
, the estimated production elasticity for each input (evaluated in their respective mean values) are in both functions significant at the 1% level (Table II) 21 .
The models seem to be jointly valid and the R 2 are both acceptable. In order to evaluate which of the two specifications is preferable, the Cox 22 and J 23 non-nested hypothesis tests have been carried out (see Judge et al. 1985) . Both suggest that the model including GRT (Table II) . Almost all the estimated parameters and what is more important, the partial elasticity of each input (ε i ) are significant at the 1% level. The models seem to be jointly valid and the value of the R 2 are acceptable. The different tests (Harvey, Glegser and Breusch-Pagan-Godfrey (BPG)) which have been carried out do not detect heteroskedasticity (Table V) . As in the unconstrained models, the Bera-Jarque test gives evidence of non-normality of the residuals.
Consequently, in order to verify the robustness of the RLS estimators, the translog linearly separable models will be re-estimated by TLS {Y 1 [TLS] and Y 2 [TLS]} (Table II) .
In order to chose a correct trimming proportion which guarantees that all the highly leveraged observations and outliers that contribute significantly to the values of the coefficient estimates and/or the model predictions are eliminated (see Table VII for a summary), the RLS regression diagnostic has been carried out. are quasi-concave at 70% and 58% of the sample points respectively. Positive monotonicity and quasi-concavity in the geometric mean of the data have also been checked (Table VIII [B]). Each input satisfies monotonicity and the bordered hessian matrix are negative definite (its bordered principal minors are negative and positive respectively), which implies that the estimated functions are quasi-concave in the geometric mean of the data 28 .
After demonstrating that despite the non-normality of the residuals the RLS are robust and that the estimated functions are regular, the estimations of the elasticity of substitution between inputs comprising the two alternative empirically validated production functions (Y 1 and Y 2 ) will be considered acceptable. In order to conclude with the taxonomy of substitutability and complementarity considering both, the AES and MES, Table X If we compare the estimates of AES and MES derived from Y 1 and Y 2 , it seems that the possibilities of substitution between HP and BD are more evident than the ones detected between GRT and BD. Any case, the high proportion of estimates ranged between [-1,1] suggests that the substitution possibilities are limited. Besides, the detected asymmetry in MES suggests that an input limitation program based on the reduction in the boat days would be more efficient than an equivalent one limiting the GRT or HP.
SUMMARY AND POLICY IMPLICATIONS
Many regulation programs based on limitations of fishing effort have often failed due to the inefficient expansion of unregulated inputs. In this sense, prior to adopting a restrictive program, the production analysis can be useful to get an understanding of the internal structure of fishing effort and to evaluate the substitution possibilities among the inputs making it up. This can be especially useful in a fishery like the VIII division European anchovy where the EU Commission has imposed new fishing calendar restrictions due to shortcomings in TAC/licensing regulation system and the risk of population collapse.
A primal formulation has been used to estimate a translog production function for the main fleet operating in the VIII division European anchovy fishery (i.e. the Spanish purse seiner fleet) that includes fishing effort and fisherman's skill as production factors.
The lack of the data necessary to evaluate any of the theoretical characteristics of skill (i.e.
age, experience, education…) and the difficulties found to construct a credible subjective ranking of the captains led us to adopt a direct measurement approach. Thus, skill has been approximated by the ratio number of significant to number of total unloadings. Special attention has been paid to provide a rigorous empirical primal approach to test for the validation of fishing effort as an aggregate input before estimating the elasticity of substitution among the inputs making it up. On the basis of this empirical work fishermen could counteract a limitation in the boat days with horsepower increases, which could add economic inefficiency to the fishery. The substitution possibilities between HP and BD are higher than the ones detected for GRT and BD. Nevertheless, the high proportion of estimates ranged between [-1,1] indicates limited substitution possibilities between the inputs making up fishing effort.
However this inelastic nature needs to be interpreted carefully, because even if the estimated elasticity of substitution is low, it is very difficult, with no price information, to determine how much substitution will in practice occur.
The detected asymmetry for the MES suggests that an input limitation program based on the reduction in the boat days would be more efficient than an equivalent one limiting the GRT or HP. Any case, different alternatives to the traditional input restrictions in a wide variety from ITQs to those based in co-management should be also considered to improve the fishery from a biological and economical point of view. Nevertheless, the complexities involved in obtaining a consensus between states can be an important barrier to achieving major changes.
-GRAPH 1- - NOTES: The numbers in parentheses are t ratios. ** Significant at 1%. The production elasticities can be calculated applying the formula: - Acheson (1981) and Thorlindsson (1988) identified the skipper skill with: 1) the ability to accurately navigate to find the best grounds. 2) the good knowledge of the ocean, such us its currents, depths, and types of bottom, 3) the good knowledge of the species o concern. 4) the ability to read the sea and its ecological environment. 5) the willingness of the skipper to search independently and to take calculated risks and 6) the ability of a skipper to lead and manage the crew. 4 Although they could explain TE with the years experience in fishery and education level, the consistent differences in productivity found for two similar captains (same age, race, education and experience and operating nearly identical vessels) suggests there are likely to be other possible components (i.e. motivation) of managerial skill. 5 The 183 vessels included in the sample belong to more than 30 harbours. We had several reviews with people working in the sector for long a period of time and found that while it was easy for them to have an opinion of the skill or managerial ability of the captains of their own harbour and close ones, the difficulties arose when we asked for vessels belonging to distant harbours. Consequently, instead of constructing a subjective index based on answers of different people we decided to adopt the direct approach. 6 After consulting with fishermen, an unloading of more than 2,500 kg is considered to be significant. 7 Due to the high correlation among tonnage and length (0.9) and the fact that this data was not available for the %10 of the vessels, the length has been excluded. 8 Although the shipbuilding year (SY) could introduce an element of vintage capital (Bjørndal, 1989) , neither it, nor the material seem to make a priori any significant contribution to the harvest. Besides, as both variables are in practice irrelevant to analyse substitution possibilities among inputs, we decided to eliminate them. 9 Unfortunately this paper excludes the stock variable because it is cross-sectional from one year. Consequently we cannot address the question of whether a fishing effort aggregator exists that is consistent across all stock sizes. 10 Weak separability requires the marginal rates of technical substitution (MRTS) between all pair of variables in a particular group (such as effort) to remain independent of changes in the levels of inputs, which are not in that group. Weak separability of technology is a necessary and sufficient condition for the existence of an aggregate input (fishing effort), while homotheticity is a necessary and sufficient condition for the validity of sequential optimisation. Homothetic separability exists if production technology is weakly separable and the aggregator function is linear homogeneous. 11 Although several types of separability exist, the relevant type for aggregation is weak separability. Weak separability requires that the marginal rates of technical substitution between all pair of variables in a particular group (such us effort) are independent of changes in the levels of variables not in that group. 12 f i is the logarithmic marginal product for input i. Where ε i is the production elasticity for input i. 13 Following a primal approach the AES can be estimated applying the formula: 25 Despite the fact that this study is only concerned with the separability of inputs making up effort from skill, that is to say [(GRT,BD) , SK] and [(HP,BD), SK] linear or non-linear separability types (Table IV) 
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